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RI VFLHQWLILF PDWHULDO DV VRRQ DV SRVVLEOH DIWHU DFFHSWDQFH ³-XVW $FFHSWHG´ PDQXVFULSWV DSSHDU LQ
IXOO LQ 3') IRUPDW DFFRPSDQLHG E\ DQ+70/ DEVWUDFW ³-XVW $FFHSWHG´PDQXVFULSWV KDYH EHHQ IXOO\
SHHU UHYLHZHG EXW VKRXOG QRW EH FRQVLGHUHG WKH RIILFLDO YHUVLRQ RI UHFRUG 7KH\ DUH FLWDEOH E\ WKH
'LJLWDO2EMHFW ,GHQWLILHU '2, ³-XVW$FFHSWHG´ LV DQ RSWLRQDO VHUYLFH RIIHUHG WR DXWKRUV 7KHUHIRUH
WKH ³-XVW $FFHSWHG´:HE VLWHPD\ QRW LQFOXGH DOO DUWLFOHV WKDW ZLOO EH SXEOLVKHG LQ WKH MRXUQDO $IWHU
D PDQXVFULSW LV WHFKQLFDOO\ HGLWHG DQG IRUPDWWHG LW ZLOO EH UHPRYHG IURP WKH ³-XVW $FFHSWHG´:HE
VLWH DQG SXEOLVKHG DV DQ $6$3 DUWLFOH 1RWH WKDW WHFKQLFDO HGLWLQJ PD\ LQWURGXFH PLQRU FKDQJHV
WR WKH PDQXVFULSW WH[W DQGRU JUDSKLFV ZKLFK FRXOG DIIHFW FRQWHQW DQG DOO OHJDO GLVFODLPHUV DQG
HWKLFDO JXLGHOLQHV WKDW DSSO\ WR WKH MRXUQDO SHUWDLQ $&6 FDQQRW EH KHOG UHVSRQVLEOH IRU HUURUV RU










$5& &HQWUH RI ([FHOOHQFH IRU 1DQRVFDOH %LR3KRWRQLFV &1%3 7KH 8QLYHUVLW\ RI
$GHODLGH6$$GHODLGH$XVWUDOLD








DOXPLQD JUDGLHQWLQGH[ ILOWHUV 1$$*,)V IXQFWLRQDOL]HG ZLWK WLWDQLXP GLR[LGH 7L2
SKRWRDFWLYHOD\HUVWRHQKDQFHSKRWRQWRHOHFWURQFRQYHUVLRQUDWHVDQGLPSURYHWKHHIILFLHQF\
RI SKRWRFDWDO\WLF UHDFWLRQV E\ µVORZSKRWRQ¶ HIIHFW$ VHW RI1$$*,)VZDV IDEULFDWHGE\
VLQXVRLGDO SXOVH DQRGL]DWLRQ LQ ZKLFK D V\VWHPDWLF PRGLILFDWLRQ RI YDULRXV DQRGL]DWLRQ
SDUDPHWHUV LH SRUHZLGHQLQJ WLPH DQRGL]DWLRQ SHULRG DQG DQRGL]DWLRQ WLPH HQDEOHV WKH
ILQHWXQLQJ RI WKH SKRWRQLF VWRSEDQG 36% RI WKHVH QDQRSRURXV SKRWRQLF FU\VWDOV 3&V
DFURVV WKH VSHFWUDO UHJLRQV 7KH VXUIDFH RI 1$$*,)V ZDV FKHPLFDOO\ PRGLILHG ZLWK
SKRWRDFWLYH OD\HUV RI 7L2 WR FUHDWH D FRPSRVLWH SKRWRDFWLYH PDWHULDO ZLWK SUHFLVHO\
HQJLQHHUHGRSWLFDOSURSHUWLHV7KHSKRWRFDWDO\WLFSHUIRUPDQFHRI7L2IXQFWLRQDOL]HG1$$
*,)VZDVDVVHVVHGE\VWXG\LQJWKHSKRWRGHJUDGDWLRQRIWKUHHPRGHORUJDQLFG\HVLHPHWK\O
RUDQJH UKRGDPLQH % DQG PHWK\OHQH EOXH ZLWK ZHOOGHILQHG DEVRUSWLRQ EDQGV DFURVV
GLIIHUHQWVSHFWUDOUHJLRQVXQGHUVLPXODWHGLUUDGLDWLRQFRQGLWLRQV2XUVWXG\GHPRQVWUDWHVWKDW
ZKHQ WKH HGJHV RI FKDUDFWHULVWLF 36% RI 7L2PRGLILHG 1$$*,)V DUH FRPSOHWHO\ RU
SDUWLDOO\DOLJQHGZLWK WKHDEVRUSWLRQEDQGRI WKHRUJDQLFG\HV WKHSKRWRGHJUDGDWLRQUDWH LV
HQKDQFHG GXH WR µVORZSKRWRQ¶ HIIHFW$ UDWLRQDO GHVLJQ RI WKH SKRWRFDWDO\VWPDWHULDOZLWK
UHVSHFWWRWKHRUJDQLFG\HLVGHPRQVWUDWHGWREHRSWLPDOWRVSHHGXSSKRWRFDWDO\WLFUHDFWLRQV
E\DQHIILFLHQWPDQDJHPHQWRISKRWRQVIURPKLJKLUUDGLDQFHVSHFWUDOUHJLRQV7KLVSURYLGHV




+HWHURJHQHRXVSKRWRFDWDO\VLV KHQFHIRUWK³SKRWRFDWDO\VLV´ LV D OLJKWGULYHQSURFHVV
LQ ZKLFK SKRWRQV OLJKW ± HOHFWURPDJQHWLF ZDYHV LQWHUDFW ZLWK DWRPV PDWWHU ±
VHPLFRQGXFWRUV WR JHQHUDWH HOHFWURQ±KROH HK SDLUV WKDW FDQ VXEVHTXHQWO\ SURGXFH IUHH
UDGLFDOV DEOH WR XQGHUJR VHFRQGDU\ UHDFWLRQV $PRQJ RWKHU DSSOLFDWLRQV SKRWRFDWDO\VLV
HQDEOHV WKH SURGXFWLRQ RI FOHDQ K\GURJHQ HQHUJ\ VDQLWDWLRQ RI ZDWHU DLU SXULILFDWLRQ
DPPRQLD 1+ JHQHUDWLRQ
 DQG FDUERQ GLR[LGH &2 UHGXFWLRQ
 +RZHYHU PRVW RI
VHPLFRQGXFWRUPDWHULDOVKDYHDUHODWLYHO\ODUJHHQHUJ\EDQGJDSa±H9ZKLFKFRQVWUDLQV
WKHLUSKRWRFDWDO\WLFDFWLYLW\ WR WKH89UHJLRQRQO\aRI WKHVRODUVSHFWUXPSUHYHQWLQJ
WKHHIILFLHQWXWLOL]DWLRQRIVXQOLJKWIRUSUDFWLFDOSKRWRFDWDO\WLFDSSOLFDWLRQV







VWUXFWXUH WR JHQHUDWH H[WUD HK SDLUV DW WKRVH VSHFWUDO UHJLRQV ZKHUH WKH VHPLFRQGXFWRU
DEVRUEV OLJKW SRRUO\ HJ 7L2 LQ WKH YLVLEOHLQIUDUHG WR HQKDQFH SKRWRQWRHOHFWURQ
FRQYHUVLRQUDWHV1DQRSRURXVVHPLFRQGXFWRU3&VDUHRISDUWLFXODULPSRUWDQFHVLQFHWKHVH
QDQRVWUXFWXUHV RIIHU L OLJKWWUDSSLQJ FDSDELOLWLHV WR FROOHFW SKRWRQV DW KLJKLUUDGLDQFH
VSHFWUDOUHJLRQVHJYLVLEOHLLHIILFLHQWSHUFRODWLRQSDWKZD\VIRUYHFWRUDOWUDQVIHURISKRWR
SURPRWHGHOHFWURQVLLLKLJKVSHFLILFVXUIDFHDUHDWKDWLQFUHDVHV WKHQXPEHURISKRWRDFWLYH
FHQWHUV IRU UHGR[ UHDFWLRQV DQG LY QDQRSRURXV VWUXFWXUH WKDW IDFLOLWDWHV PDVV WUDQVSRUW RI
PROHFXODUVSHFLHVLQYROYHGLQUHGR[UHDFWLRQV6RPHSURRIRIFRQFHSWVWXGLHVKDYHLGHQWLILHG
ϯ
µVORZ SKRWRQ¶ HIIHFWV LQ LQYHUWHG RSDO 3&V +RZHYHU WKHVH QDQRVWUXFWXUHV KDYH OLPLWHG
YHUVDWLOLW\WRWXQHWKHIHDWXUHVRIWKH36%DUHUHVWULFWHGWR'QDQRVWUXFWXUHVIHDWXUHGHIHFWV
WKDW DFW DV OLJKW VFDWWHULQJ FHQWHUV UHTXLUH ORQJ V\QWKHVLV SURFHVVHV DQG DUH FRQVWUDLQHG WR
VPDOODUHDV
6RPH VWXGLHV WR GDWH KDYH GHPRQVWUDWHG WKH IDEULFDWLRQ RI QDQRWXEXODU 7L2EDVHG
3&V E\ HOHFWURFKHPLFDO R[LGDWLRQ LH DQRGL]DWLRQ RI WLWDQLXP VXEVWUDWHV +RZHYHU
DQRGL]DWLRQRIWLWDQLXPGRHVQRWDOORZVXIILFLHQWFRQWURORIWKHQDQRWXEXODUVWUXFWXUHRI7L2
WRFUHDWH3&VWUXFWXUHVZLWKYHUVDWLOH36%VLQFHWKHK\GURIOXRULFDFLG+)EDVHGHOHFWURO\WHV
XVHG SURJUHVVLYHO\ HWFK WKH QDQRWXEHV¶ ZDOOV GXULQJ WKH DQRGL]DWLRQ SURFHVV $OWHUQDWLYH
QDQRSRURXV PDWHULDOV VXFK DV QDQRSRURXV DQRGLF DOXPLQD 1$$ FDQ DGGUHVV WKHVH
OLPLWDWLRQV 1$$ SURGXFHG E\ DQRGL]DWLRQ RI DOXPLQXP LQ IDFW SURYLGHV DQ H[FHOOHQW








GRHV SURYLGH DQ RSSRUWXQLW\ WR GHYHORS QHZ SODWIRUP PDWHULDOV DV KLJKO\ HIILFLHQW
SKRWRFDWDO\VWVE\DUDWLRQDOPDQDJHPHQWRISKRWRQVDWWKHQDQRVFDOH
+HUHLQ ZH SUHVHQW WKH ILUVW UDWLRQDOO\ GHVLJQHG SKRWRFDWDO\VW PDWHULDO EDVHG RQ D
7L2IXQFWLRQDOL]HG QDQRSRURXV DQRGLF DOXPLQD JUDGLHQWLQGH[ ILOWHU 1$$*,) DV D
SODWIRUP WR DFKLHYH HQKDQFHG SKRWRFDWDO\WLF SHUIRUPDQFHV 1$$*,)V DUH V\QWKHVL]HG E\
VLQXVRLGDO SXOVH DQRGL]DWLRQ 63$ DSSURDFK DQG VXEVHTXHQWO\ IXQFWLRQDOL]HG ZLWK
ϰ
SKRWRDFWLYH OD\HUV RI 7L2 WKURXJK VROJHOPHWKRG )LJXUH D:H SHUIRUP D V\VWHPDWLF
VWXG\ RQ WKH HIIHFW RI WKH 36%¶V IHDWXUHV RI SKRWRDFWLYH 1$$*,)V FRQWUROOHG E\ WKH
DQRGL]DWLRQSDUDPHWHUVLHDQRGL]DWLRQSHULRGDQRGL]DWLRQWLPHDQGSRUHZLGHQLQJWLPHRQ
WKH SKRWRFDWDO\WLF SHUIRUPDQFH RI WKHVH 3& VWUXFWXUHV )LJXUHV E DQG F 3KRWRFDWDO\WLF
GHJUDGDWLRQRI WKUHHPRGHORUJDQLFG\HV LHPHWK\ORUDQJH±02PHWK\OHQHEOXH±0%DQG
UKRGDPLQH %±5KR% LQ WKHVH SKRWRDFWLYH 1$$3&V SURYLGHV D UHIHUHQFH WR LGHQWLI\ DQG
TXDQWLI\VORZSKRWRQHIIHFWVIRUHQKDQFHGSKRWRFDWDO\WLFSHUIRUPDQFHV
)LJXUH  &RQFHSWXDO LOOXVWUDWLRQ RI WKH GHYHORSPHQW DQG DSSOLFDELOLW\ RI SKRWRDFWLYH 1$$*,)V IRU
SKRWRFDWDO\VLVD6FKHPDWLFUHSUHVHQWLQJWKHIDEULFDWLRQSURFHVVRISKRWRDFWLYH1$$*,)VE\VLQXVRLGDOSXOVH
DQRGL]DWLRQ 63$ OHIW DQG GHSRVLWLRQ RI SKRWRDFWLYH 7L2 OD\HUV E\ VROJHO PHWKRG ULJKW E 6FKHPDWLF
VKRZLQJ WKH XWLOL]DWLRQ RI 7L2IXQFWLRQDOL]HG 1$$*,)V LQ SKRWRFDWDO\VLV XQGHU FRQWUROOHG YLVLEOH1,5
LUUDGLDWLRQ FRQGLWLRQV ZLWK GHWDLOV VKRZLQJ WKH FKHPLFDO DQG HOHFWURQLF EDQG VWUXFWXUHV RI WKHVH FRPSRVLWH
SKRWRFDWDO\VWV ZKHUH &%   FRQGXFWLRQ EDQG 9%   YDOHQFH EDQG (J   EDQG JDS HQHUJ\ OHYHO DQG KQ  
H[FLWDWLRQHQHUJ\F7UDQVPLVVLRQVSHFWUXPRID7L2IXQFWLRQDOL]HG1$$*,)VKRZLQJWKHEOXHDQGUHGHGJHV







IURP*RRGIHOORZ&DPEULGJH /WG 8. DQG XVHG WR SURGXFH1$$*,)V E\ 63$6XOIXULF
DFLG +62 SKRVSKRULF DFLG +32 K\GURFKORULF DFLG +&O FRSSHU ,, FKORULGH
&X&OHWKDQRO (W2+±&+2+ WLWDQLXP,9EXWR[LGH7L2%XK\GURJHQSHUR[LGH
+2PHWK\ORUDQJH02PHWK\OHQHEOXH0%DQGUKRGDPLQH%5KR%ZHUHVXSSOLHG
E\ 6LJPD$OGULFK $XVWUDOLD DQG XVHG DV UHFHLYHG ZLWKRXW DGGLWLRQDO SXULILFDWLRQ VWHSV
8OWUDSXUH0LOL4 ZDWHU  0ȍ FP ZDV XVHG IRU WKH SUHSDUDWLRQ RI DOO WKH DTXHRXV
VROXWLRQVLQWKLVVWXG\
)DEULFDWLRQRI1$$*,)V1$$*,)VZHUHSURGXFHGE\VLQXVRLGDOSXOVHDQRGL]DWLRQ






WRSUHYHQW LW IURPIUHH]LQJDW WHPSHUDWXUHVEHORZR&7KHDQRGL]DWLRQSURFHVVVWDUWHG
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36% WKH IHDWXUHV RI ZKLFK LH SRVLWLRQ RI FHQWUDO ZDYHOHQJWK DQG EDQGZLGWK FDQ EH
SUHFLVHO\ HQJLQHHUHG DFURVV WKH VSHFWUDO UHJLRQV E\ 63$ 7R LQYHVWLJDWH WKH HIIHFW RI WKH
DQRGL]DWLRQSHULRG73 DQG WKHDQRGL]DWLRQ WLPHW$QRQ WKHSKRWRFDWDO\WLFSHUIRUPDQFHRI
7L2PRGLILHG1$$*,)VZHIDEULFDWHGDVHWRI1$$*,)VZLWKIL[HG$- DQG-2IIVHW DW





 6XUIDFH )XQFWLRQDOL]DWLRQ RI 1$$*,)V ZLWK 7L2 7KH VXUIDFH RI 1$$*,)V
SURGXFHGZLWKGLIIHUHQW73LHDQGVDQGW$QLHDQGKDWWSZ
   PLQ ZDV FKHPLFDOO\ IXQFWLRQDOL]HG ZLWK SKRWRDFWLYH OD\HUV RI 7L2 WKURXJK VROJHO
PHWKRG7L2VROZDVSUHSDUHG LQDEHDNHUE\PDJQHWLFDOO\PL[LQJDPL[WXUHRI WLWDQLXP
,9EXWR[LGHPRODQG(W2+PROIRUPLQ1$$*,)VZHUHWKHQGLSFRDWHGLQ
WKH 7L2 VRO IRU  K 7KH VXUIDFHPRGLILHG 1$$*,)V ZHUH VXEVHTXHQWO\ ZDVKHG ZLWK





PDVN WR GLVVROYH WKH UHPDLQLQJ $O VXEVWUDWH IURP WKH EDFNVLGH 7UDQVPLVVLRQ VSHFWUD RI
ϳ
FKHPLFDOO\ HWFKHG DQG SRUH ZLGHQHG 1$$*,)V IDEULFDWHG ZLWK GLIIHUHQW DQRGL]DWLRQ
SDUDPHWHUVZHUHREWDLQHGLQDLUDQGZDWHUIURPWRQPDWQRUPDOLQFLGHQFHLHș 
RXVLQJD89YLVLEOHVSHFWURSKRWRPHWHU&DU\$JLOHQW86$7KHDEVRUSWLRQVSHFWUD
RI  PJ / RUJDQLF G\HV VROXWLRQ LQ D SRO\VW\UHQH FXYHWWH RI  PP SDWK OHQJWK ZHUH
DFTXLUHGIURPWRQPWRGHWHUPLQHWKHDEVRUSWLRQEDQGRIRUJDQLFG\HVLH020%
DQG5KR%7RFKDUDFWHUL]H WKH LQWHUIHURPHWULFFRORU RI1$$*,)V GLJLWDO SLFWXUHVZLWK D




PRGLILHG 1$$*,)V SURGXFHG ZLWK GLIIHUHQW 73 DQG W$Q ZDV DVVHVVHG E\ PRQLWRULQJ WKH
SKRWRFDWDO\WLFGHJUDGDWLRQRIWKUHHGLIIHUHQWRUJDQLFG\HVZLWKZHOOGHILQHGDEVRUSWLRQEDQGV
LH02±O$EV02 QP5KR%±O$EV5KR% QPDQG0%±O$EV0% QPXQGHU
VLPXODWHGVRODUOLJKWLUUDGLDWLRQFRQGLWLRQVP/RIDPL[WXUHRIPJ/RIG\HDQG0
+2 VROXWLRQZDVSLSHWWHG LQWRD WUDQVSDUHQWFXYHWWH7KH7L2IXQFWLRQDOL]HG1$$*,)V
ZKLFK KDG DQ HIIHFWLYH DUHD RI  FPZHUH WKHQ SODFHG LQ WKH FXYHWWH ILOOHGZLWK WKH G\H
PL[WXUH7KHVROXWLRQVZDVPDJQHWLFDOO\VWLUUHGLQDGDUNYHVVHOVRODUVLPXODWRUIRUPLQ
WR DFKLHYH WKH DGVRUSWLRQGHVRUSWLRQ HTXLOLEULXP SULRU WR LUUDGLDWLRQ 7KLV ZDV WKHQ
LOOXPLQDWHGZLWKVLPXODWHGVRODUOLJKWLUUDGLDWLRQXVLQJD:aOXPHQKDORJHQODPS
+/$$PVFRSH$XVWUDOLDDWURRPWHPSHUDWXUH7RGHWHUPLQHWKHFRQFHQWUDWLRQRIG\H
DW VSHFLILF WLPH LQWHUYDOV WKH DEVRUEDQFH RI WKH DEVRUSWLRQ EDQG RI WKH VROXWLRQ DW HDFK
LOOXPLQDWLRQ WLPH LQWHUYDO LH  PLQ ZDV DQDO\]HG E\ D 89YLVLEOH VSHFWURSKRWRPHWHU
&DOLEUDWLRQ OLQHV HVWDEOLVKLQJ WKH UHODWLRQVKLS EHWZHHQ WKH VROXWLRQ DEVRUEDQFH DQG WKH
FRQFHQWUDWLRQRIHDFKG\HZHUHXVHGWRGHWHUPLQHWKHSKRWRFDWDO\WLFFRQYHUVLRQUDWLR&W&R




WKH 7L21$$*,)V DQG WKH PRGHO G\H PROHFXOH 1RWH WKDW WKHVH H[SHULPHQWV ZHUH DOVR
SHUIRUPHG ZLWK QRQIXQFWLRQDOL]HG 1$$*,)V LH 1$$*,)V ZLWKRXW 7L2 IXQFWLRQDO
OD\HUZKLFKZHUHXVHGDVFRQWUROVDPSOHV
&KHPLFDODQG6WUXFWXUDO&KDUDFWHUL]DWLRQ7KHPRUSKRORJ\DQGJHRPHWULFIHDWXUHVRI
1$$*,)V ZHUH FKDUDFWHUL]HG XVLQJ D ILHOG HPLVVLRQ JXQ VFDQQLQJ HOHFWURQ PLFURVFRS\
)(*6(0)(,4XDQWD)(*6(0LPDJHVDFTXLUHGZHUHDQDO\]HGE\,PDJH-SXEOLF
GRPDLQSURJUDPGHYHORSHGDW WKH56%RI WKH1,+7KHFKHPLFDO FRPSRVLWLRQRI1$$
*,)VEHIRUHDQGDIWHUVXUIDFHIXQFWLRQDOL]DWLRQZLWK7L2ZHUHDQDO\]HGE\HQHUJ\GLVSHUVLYH
;UD\ ('; VSHFWURVFRS\ GXULQJ )(*6(0 FKDUDFWHUL]DWLRQ 7KH FKHPLFDO VWUXFWXUH RI
1$$*,)V ZDV IXUWKHU FKDUDFWHUL]HG E\ )RXULHU WUDQVIRUP LQIUDUHG )7,5 1LFROHW 
VSHFWURVFRS\DQG;UD\GLIIUDFWLRQ;5'5LJDNX0LQL)OH[
5(68/76$1'',6&866,21
6WUXFWXUDO&KDUDFWHUL]DWLRQRI1$$*,)V)LJXUH SUHVHQWVD VHW RI UHSUHVHQWDWLYH
)(06(0LPDJHVRIWKH1$$*,)VSURGXFHGLQWKLVVWXG\$WRSYLHZ)(*6(0LPDJHLV
VKRZQ LQ )LJXUH D WR UHYHDO HYHQO\ DQG UDQGRPO\ GLVWULEXWHG QDQRSRUHV RI 1$$*,)V
DFURVVWKHVXUIDFHZKHUHWKHDYHUDJHSRUHGLDPHWHUG3ZDVPHDVXUHGWREHQPDIWHU
DSRUHZLGHQLQJWUHDWPHQWRIPLQ7KHFURVVVHFWLRQDOYLHZ)(*6(0LPDJHV)LJXUHE
DQG F VKRZ WKH LQGHSWK PRGXODWLRQ RI SRURVLW\ RI 1$$*,)V IROORZLQJ WKH VLQXVRLGDO










FP W$Q KDQG WSZ PLQVFDOHEDU QPE*HQHUDOFURVVVHFWLRQDOYLHZ)(*6(0LPDJHRID
1$$*,)ZKHUH&$ DQG 63$ UHSUHVHQW WKH FRQVWDQW &$ DQG VLQXVRLGDO SXOVH 63$PRGHV UHVSHFWLYHO\
VFDOHEDU ȝPF0DJQLILHGYLHZRIEVKRZLQJGHWDLOVRIWKHQDQRSRURXVVWUXFWXUHRI1$$*,)VVFDOH
EDU ȝP 1RWH WKH OD\HUEHWZHHQHDFKFRQVHFXWLYHZKLWHDUURZKHDGVGHQRWH WKHSHULRG OHQJWK±/73G
/LQHDUUHODWLRQVKLSEHWZHHQWKHSHULRGOHQJWK/73DQGDQRGL]DWLRQSHULRG73LQ1$$*,)V
 (IIHFW RI WKH $QRGL]DWLRQ 3DUDPHWHUV RQ WKH 2SWLFDO 3URSHUWLHV RI 1$$*,)V
)LJXUH 6 6XSSRUWLQJ ,QIRUPDWLRQ VKRZV WKH LQWULQVLF UHODWLRQVKLS EHWZHHQ WKH
IDEULFDWLRQSDUDPHWHUVLHDQRGL]DWLRQSHULRG73SRUHZLGHQLQJWLPHWSZDQGDQRGL]DWLRQ




















UHYHDO WKDWDVSURGXFHG1$$*,)V LH WSZ PLQGLVSOD\YLYLGFRORUV VXFKDVEOXHDQG
UHGRUDQJHIRU73 DQGVUHVSHFWLYHO\+RZHYHUWKHVH1$$*,)VDUHWUDQVSDUHQW
LHEODFNEDFNJURXQG±1,5 UHJLRQ IRU73  DQGVDW WSZ PLQ1RWH WKDW WKH
LQWHUIHURPHWULF FRORU FRUUHODWHVZLWK WKH SRVLWLRQ RI WKH FKDUDFWHULVWLF 36%ZLWKLQ WKH89
YLVLEOH1,5 VSHFWUXP $V WSZ LQFUHDVHV WKH LQWHUIHURPHWULF FRORU RI 1$$*,)V LV EOXH
VKLIWHGEHFRPLQJEOXHF\DQFKDUWUHXVHDQG\HOORZDWWSZ PLQIRU1$$*,)VSURGXFHGDW
73      DQG  V UHVSHFWLYHO\ 7KLV HIIHFW LV DOVR REVHUYHG IRU 1$$*,)V











SURGXFHG E\ PRGLI\LQJ WKH LQQHU VXUIDFH RI 1$$*,)V ZLWK SKRWRDFWLYH OD\HUV RI 7L2
GHSRVLWHGE\VROJHOPHWKRG)LJXUH66XSSRUWLQJ,QIRUPDWLRQVKRZVHQHUJ\GLVSHUVLYH
;UD\ ('; )RXULHU 7UDQVIRUP ,QIUDUHG )7,5 DQG ;UD\ GLIIUDFWLRQ ;5' VSHFWUD RI
1$$*,)VEHIRUHDQGDIWHUVXUIDFHIXQFWLRQDOL]DWLRQ7KHVHDQDO\VHVGHPRQVWUDWHVXFFHVVIXO
7L2PRGLILFDWLRQRIWKHLQQHUVXUIDFHRI1$$*,)VDIWHUK)LJXUH6DVKRZVWKH(';
VSHFWUXP RI DVSURGXFHG1$$*,)VZKLFK VKRZV WKHFKDUDFWHULVWLF SHDNVRI2 $O
 3  DQG 6  7KHVH HOHPHQWV FRUUHVSRQG WR WKH DOXPLQD VWUXFWXUH $O2
FRQWDPLQDWHGE\ VXOIXU DQGSKRVSKRUXV DWRPV LQFRUSRUDWHG LQWR WKH$O2 VWUXFWXUHGXULQJ
WKHDQRGL]DWLRQDQGSRUHZLGHQLQJVWHSVUHVSHFWLYHO\(';VSHFWUXPRI7L2IXQFWLRQDOL]HG
1$$*,)VVKRZVFKDUDFWHULVWLFSHDNVRI7LDQGDQLQFUHPHQWRIWKHSHUFHQWDJHRI2DWRPV
ZKLFK GHQRWH WKH SUHVHQFH RI 7L2 LQ WKH FRPSRVLWH VWUXFWXUH 7KH UHODWLYH SHUFHQWDJH RI
HOHPHQWVLQ7L2PRGLILHG1$$*,)VZDVIRXQGWREH2$O36
DQG7L7KHFRQILUPDWLRQRIWKHVXFFHVVIXOGHSRVLWLRQRI7L2RQWRWKHLQQHUVXUIDFHVRI










WKHSRVLWLRQRI WKHVHSHDNVXQGHUJRHVD VOLJKWVKLIW LQSRVLWLRQDQGGHFUHDVH WKHLU LQWHQVLW\
7KXVRXUFKHPLFDODQDO\VLVFRQILUPVWKHVXFFHVVIXOGHSRVLWLRQRISKRWRDFWLYHOD\HUVRI7L2
RQWR WKH LQQHU VXUIDFH RI 1$$*,)V WR HQGRZ WKHVH 3& VWUXFWXUHV ZLWK SKRWRFDWDO\WLF
DFWLYLW\




ZDV VWXGLHG E\ YDU\LQJ WKH GHSRVLWLRQ WLPH W' RI 7L2 OD\HUV IURP  WR  K DQG











RI WKH QDQRSRUH GLDPHWHU RI1$$*,)V)LJXUH 6 6XSSRUWLQJ ,QIRUPDWLRQ VKRZV WKH
HIIHFWRIWKHGHSRVLWLRQWLPHRI7L2RQWKH36%RI1$$*,)V7KLVVOLJKWUHGVKLIWGHQRWHV
WKDW WKH GHSRVLWHG SKRWRDFWLYH OD\HU RI 7L2 LV WKLQ ,Q FRQWUDVW Ȝ& XQGHUJRHV D PRUH
VLJQLILFDQW UHGVKLIWZKHQ WKHQDQRSRURXVQHWZRUNRI VXUIDFHPRGLILHG1$$*,)V LV ILOOHG
ϭϯ








WKH QDQRSRUHV RI 7L2IXQFWLRQDOL]HG 1$$*,)V ZLWK ZDWHU SURGXFHV D PRUH VLJQLILFDQW
QDUURZLQJRIWKH):+07KXV):+0QDUURZVLWVZLGWKDIWHULQILOWUDWLRQDWQP
VDQGQPKIRU73DQG W$Q UHVSHFWLYHO\ 7KHQDUURZLQJRI WKH):+0RIWKH
36% LV DVVRFLDWHG ZLWK WKH OLJKW DEVRUSWLRQ E\ WKH GHSRVLWHG OD\HU RI 7L2 DQG WKH
PHGLXP ILOOLQJ WKH QDQRSRUHV RI1$$*,)V $ FRPSDUDWLYH DQDO\VLV RI WKH HIIHFW RI ERWK
IDFWRUVUHYHDOVWKDWWKHODWWHULHZDWHULQILOWUDWLRQSURGXFHVDPRUHVLJQLILFDQWHIIHFWLQWKH
QDUURZLQJ RI WKH ):+0GXH WR WKH DEVRUSWLRQ RI LQFRPLQJ OLJKW E\ WKHZDWHUPROHFXOHV
)LJXUHVHDQG IVKRZ UHSUHVHQWDWLYH WUDQVPLVVLRQ VSHFWUD DQG VFKHPDWLF LOOXVWUDWLRQVRID
1$$*,)SURGXFHGZLWK73 VDQGWSZ PLQDWW' DQGKLQDLUDQGZDWHU7KLV
UHYHDOVWKDWWKHSRVLWLRQRIWKHFKDUDFWHULVWLF36%UHGVKLIWVZKLOHWKHEDQGZLGWKRIWKH36%




PRGLILHGZLWK7L2 OD\HUVZKLFKFDQEHDVVRFLDWHGZLWK WKHVWURQJ OLJKWDEVRUSWLRQE\ WKH
7L2OD\HULQWKH89UHJLRQQP
7KLVIXUWKHUFRQILUPVVXFFHVVIXOPRGLILFDWLRQRI
WKH LQQHU VXUIDFH RI1$$*,)VZLWK SKRWRDFWLYH 7L2 OD\HUVZKLFK LV LQ JRRG DJUHHPHQW
ϭϰ

















WKH VSHFWUDO UHJLRQV E\ WKH PDQLSXODWLRQ RI 73 W$Q DQG W' 7KH UHODWLRQVKLS EHWZHHQ
IDEULFDWLRQSDUDPHWHUVDQGIHDWXUHVRIWKH36%RISKRWRDFWLYH1$$*,)VSURYLGHVDQRSWLPDO
SODWIRUPWRVWXG\DQGHQJLQHHUWKHµVORZSKRWRQ¶HIIHFWIRUSKRWRFDWDO\WLFDSSOLFDWLRQV7L2
IXQFWLRQDO OD\HUV FDQQRW XVH SKRWRQV IURP WKH YLVLEOH DQG 1,5 VSHFWUDO UHJLRQV IRU
SKRWRFDWDO\VLVGXHWRLWVHOHFWURQLFEDQGJDS+RZHYHU7L2IXQFWLRQDOL]HG1$$*,)VZLWK
36% SRVLWLRQHG DW WKH YLVLEOH DQG 1,5 UHJLRQV FDQ HQDEOH WKH XWLOL]DWLRQ RI WKHVH KLJK
LUUDGLDQFHVXQOLJKWUHJLRQVWRVSHHGXSSKRWRFDWDO\WLFUHDFWLRQV
 8QGHUVWDQGLQJ WKH µ6ORZ 3KRWRQ¶ (IIHFW LQ 7L2IXQFWLRQDOL]HG 1$$*,)V 7KH
SKRWRFDWDO\WLF SHUIRUPDQFHV RI 7L2PRGLILHG 1$$*,)V IDEULFDWHG DW WSZ    PLQ DQG
GLIIHUHQW73LHDQGVDQGW$QLHDQGKZHUHDVVHVVHGE\
VWXG\LQJWKHSKRWRFDWDO\WLFGHJUDGDWLRQRIWKUHHPRGHORUJDQLFG\HVLH025KR%DQG0%





±QP DQGIRU1,5 ±QPZKLFK LV HVVHQWLDOO\ZLWKLQ WKHYLVLEOH
UHJLRQ7KHUHIRUH OLTXLGSKDVHSKRWRFDWDO\WLFGHJUDGDWLRQRI WKHPRGHORUJDQLFG\HVLQRXU
VWXG\LVPRVWO\GULYHQE\YLVLEOH OLJKW LUUDGLDWLRQ1RWHWKDW WKHVHUHDFWLRQVZHUHSHUIRUPHG
ZLWKWKHDGGLWLRQRI0+2VROXWLRQWRDLGLQWKHSKRWRJHQHUDWLRQRIFKDUJHFDUULHUVLQ




ቁ ൌ ݐ݇          
ϭϳ
ZKHUH &R LV WKH DGVRUSWLRQGHVRUSWLRQ HTXLOLEULXP FRQFHQWUDWLRQ RI PRGHO G\H &W LV WKH
UHDFWLRQFRQFHQWUDWLRQRIPRGHOG\HDWWLPHWDQGNLVWKHNLQHWLFFRQVWDQW
7KH UHVLGXDO FRQFHQWUDWLRQ RI HDFK G\H DIWHU  K RI SKRWRFDWDO\WLF UHDFWLRQ &5 ZKHUH
HVWLPDWHG XVLQJ WKH FDOLEUDWLRQ OLQHV VKRZQ LQ )LJXUH 6 DQG WKH REWDLQHG UHVXOWV DUH
VXPPDUL]HGLQ7DEOHV6DQG66XSSRUWLQJ,QIRUPDWLRQ
(IIHFWRI$QRGL]DWLRQ3HULRGRQWKH3KRWRFDWDO\WLF3HUIRUPDQFHRI7L21$$*,)V




DQG YHUVDWLOLW\ DFURVV WKH VSHFWUDO UHJLRQV E\ 63$ 7KLV SURYLGHV D XQLTXH RSSRUWXQLW\ WR
FRQWUROWKHLQWHUDFWLRQEHWZHHQSKRWRQVDQGWKHQDQRSRURXV3&VWUXFWXUHWRJHQHUDWHH[WUDH
K DW WKRVH VSHFWUDO UHJLRQV ZKHUH WKH SKRWRFDWDO\VW PDWHULDO LV LQWULQVLFDOO\ OLPLWHG LH
YLVLEOHDQG1,5IRU7L2)LJXUHDQG7DEOHVXPPDUL]HWKHSKRWRFDWDO\WLFGHJUDGDWLRQ
SHUIRUPDQFHV RI 02 5KR% DQG0% LQ 7L2IXQFWLRQDOL]HG 1$$*,)V ZLWK YDU\LQJ 73
IURPWRVXQGHUFRQWUROOHGLOOXPLQDWLRQFRQGLWLRQV)LJXUHVDFVKRZWKHOLQHDUL]HG
SVHXGRILUVW RUGHU NLQHWLFV IRU WKHVH SKRWRFDWDO\WLF SURFHVVHV DQG )LJXUHV GI VKRZ WKH
UHODWLRQVKLS EHWZHHQ WKH EOXH DQG UHG HGJHV RI WKH FKDUDFWHULVWLF 36% RI 7L2PRGLILHG
1$$*,)VDQGWKHDEVRUSWLRQEDQGRI025KR%DQG0%
7KH NLQHWLF FRQVWDQW N IRU WKH SKRWRFDWDO\WLF GHJUDGDWLRQ RI02 E\ 7L2IXQFWLRQDOL]HG
1$$*,)VZLWK73 DQGVZHUHDQG
   K UHVSHFWLYHO\ )LJXUH D DQG 7DEOH  N YDOXHV ZHUH KLJKHU IRU 7L2
PRGLILHG1$$*,)VSURGXFHGZLWKVKRUWHU73LHDQGVWKDQIRUWKRVHIDEULFDWHG





ZLWK73  DQGV UHVSHFWLYHO\ ,Q WKHFDVHRI7L2PRGLILHG1$$*,)V IDEULFDWHG





2UJDQLF'\H V V V V
02 K K K K
5KR% K K K K
0% K K K K
7KLV HQKDQFHPHQW LQ SKRWRGHJUDGDWLRQ SHUIRUPDQFH LV DVVRFLDWHG ZLWK WKH µVORZ SKRWRQ¶
HIIHFW LQ WKHVH3&VWUXFWXUHV)LJXUHG UHYHDOV WKDW WKH36%RI7L2PRGLILHG1$$*,)V
SURGXFHGZLWK73 DQGVRYHUODSVFRPSOHWHO\DQGSDUWLDOO\ZLWKWKHDEVRUSWLRQEDQG
RI02UHVSHFWLYHO\7KHEOXHLHEOXHYHUWLFDOOLQHDQGUHGLHUHGYHUWLFDOOLQHHGJHVRI
WKH36%RI7L2IXQFWLRQDOL]HG1$$*,)VZLWK73 DQGVDUH ORFDWHGZLWKLQ WKH
DEVRUSWLRQEDQGRI02LHO%OXHV QPO5HGV QPO%OXHV QPO5HG






WKHSUR[LPLW\RI WKHDEVRUSWLRQEDQGRI02GXH WRHQKDQFHPHQW LQ WKHSKRWRQWRHOHFWURQ
FRQYHUVLRQUDWH 2XUUHVXOWVDQGDQDO\VLVFRQILUPWKLVK\SRWKHVLVVLQFHWKH36%RI7L2




EDQG RI02 LHO&V      QP O&V      QP DQG O$EV02    QP ,Q
FRQWUDVW WKH FKDUDFWHULVWLF 36%RI 7L2PRGLILHG1$$*,)V SURGXFHGZLWK73    DQG
 V LV ORFDWHG FRPSOHWHO\ RXWVLGH WKH DEVRUSWLRQ EDQG RI02 DV VKRZQ LQ )LJXUH G
ZKHUHWKHODWWHULVORFDWHGWKHIXUWKHVWDZD\,QWKLVUHJLRQWKHSKRWRFDWDO\WLFSHUIRUPDQFHRI
WKHVH SKRWRDFWLYH 3& VWUXFWXUHV LV LQGHSHQGHQW RI WKH µVORZ SKRWRQ¶ HIIHFW UHO\LQJ





)LJXUH E VKRZV WKH ILWWLQJ OLQHV IRU WKH SKRWRFDWDO\WLF GHJUDGDWLRQ RI 5KR% E\ 7L2
PRGLILHG1$$*,)VSURGXFHGZLWK73 DQGVWKHNYDOXHVRIZKLFKZHUH
IRXQGWREHDQGKUHVSHFWLYHO\7DEOH
7KH EHVW SKRWRFDWDO\WLF SHUIRUPDQFHZDV DFKLHYHG E\7L2PRGLILHG1$$*,)V SURGXFHG
ZLWK73 VZKLFKLVaWRKLJKHUWKDQWKDWVKRZQE\1$$*,)VSURGXFHGZLWK
ORQJHUDQRGL]DWLRQSHULRGVLHDQGV$V)LJXUHHVKRZVWKHUHGHGJHRIWKH
36%RI7L2IXQFWLRQDOL]HG1$$*,)V IDEULFDWHGZLWK73  V LVSRVLWLRQHGZLWKLQ WKH
DEVRUSWLRQEDQGRI5KR%ZKLOHWKHEOXHHGJHIDOOVRXWVLGHRIWKHDEVRUSWLRQUHJLRQLHO%OXH
ϮϬ
V QPO5HGV QPDQGO$EV5KR% QP6LPLODUO\WKHEOXHHGJHRIWKH36%










GHJUDGDWLRQ SHUIRUPDQFH IRU 5KR%PROHFXOHV N5KR%V      K
 $V)LJXUH 6
UHYHDOV WKH LQWHQVLW\RI WKHDEVRUSWLRQEDQGRI5KR% LH aDX LV VLJQLILFDQWO\KLJKHU
WKDQWKDWRI02LHaDXDWLWVFHQWUDOSRVLWLRQO$EV5KR% QP$WWKHVHVSHFWUDO
UHJLRQV 5KR% PROHFXOHV DEVRUE PRVW RI WKH LQFRPLQJ OLJKW WKDW SURSDJDWHV WKURXJK WKH
DTXHRXV RUJDQLF G\H EHIRUH LW UHDFKHV WKH VXUIDFH RI WKH 7L21$$*,)V UHGXFLQJ WKH




73    V N5KR%V      K
 ,Q WKLV VFHQDULR SKRWRFDWDO\WLF SHUIRUPDQFH LV
H[FOXVLYHO\GHSHQGHQWRQWKHJHRPHWULFIHDWXUHVRIWKH3&DQGRQWKHLUUDGLDWLRQFRQGLWLRQV
WKDQ RQ WKH µVORZ SKRWRQ¶ HIIHFW 7KHVH 1$$*,)V KDYH WKH ORQJHVW SHULRG OHQJWK /73
ZKLFK IDFLOLWDWHV WKHPDVV WUDQVIHU RI UHDFWLYH VSHFLHV DORQJ WKH QDQRSRURXV VWUXFWXUH DQG






SURGXFHG ZLWK 73      DQG  V 7KH GHJUDGDWLRQ UDWHV DFKLHYHG E\ WKHVH
SKRWRDFWLYH3&VZHUHIRXQGWREHN DQGK
UHVSHFWLYHO\7DEOH7KHKLJKHVWSKRWRGHJUDGDWLRQUDWHRI0%ZDVSHUIRUPHGE\7L2
PRGLILHG 1$$*,) IDEULFDWHG ZLWK 73    V ZKLFK ZDV IURP a WR  EHWWHU WKDQ
1$$*,)FRXQWHUSDUWVSURGXFHGZLWKVKRUWHUDQRGL]DWLRQSHULRGV$V)LJXUHIVKRZVWKH
UHG HGJH RI WKH 36% RI WKHVH 3&V PDWFKHV WKH UHG HGJH RI WKH DEVRUSWLRQ EDQG RI 0%
LHO%OXHV QPO5HGV QPDQGO$EV0% QP2QWKHRWKHUKDQG7L2
PRGLILHG1$$*,)VSURGXFHGZLWK73 VGLVSOD\HGWKHZRUVWSHUIRUPLQJSKRWRFDWDO\WLF
SHUIRUPDQFH WR GHJUDGH0% LHN0%V      K
ZKLFKZDV DSSUR[LPDWHO\ VL[
WLPHVVORZHUUDWHWKDQWKDWRI1$$*,)VSURGXFHGZLWK73 V$FFRUGLQJWR)LJXUHI
WKH 36% RI 7L2PRGLILHG 1$$*,)V IDEULFDWHG ZLWK 73    V LV HQWLUHO\ ZLWKLQ WKH
DEVRUSWLRQEDQGRI0%LHO%OXHV  QPO5HGV QPDQGO$EV0% QP
/LNHZLVH LQ WKH SKRWRFDWDO\WLF GHJUDGDWLRQ RI 5KR% WKH SRRU SKRWRFDWDO\WLF SHUIRUPDQFH
VKRZQE\WKHVH3&VFDQEHDVFULEHGWR WKHKLJKDEVRUEDQFHLQWHQVLW\RI0%LHaDX
)LJXUH6±6XSSRUWLQJ,QIRUPDWLRQZKLFKKLQGHU WKHLQFRPLQJSKRWRQVIURPUHDFKLQJ
WKH VXUIDFH RI 7L2PRGLILHG 1$$*,)V WR JHQHUDWH H
K SDLUV WR SKRWRGHJUDGH 0%
PROHFXOHVDEVRUEHGRQWRWKHLQQHUVXUIDFHV$V)LJXUHFVKRZV7L2IXQFWLRQDOL]HG1$$











WKH DEVRUSWLRQ EDQG RI0% 7KHUHIRUH WKH SKRWRFDWDO\WLF SHUIRUPDQFH WR GHJUDGH WKH0%
PROHFXOHVE\WKHVH3&VLVDVVRFLDWHGZLWKWKHJHRPHWULFIHDWXUHVRIWKH1$$*,)VWUXFWXUH












WR WKH DEVRUSWLRQ EDQG RI WKHVH G\HV FDQ OHDG WR D VLJQLILFDQW HQKDQFHPHQW RI WKH
SKRWRGHJUDGDWLRQ UDWH 2SWLPDO GHVLJQ RI WKHVH FRPSRVLWH SKRWRFDWDO\VWV UHTXLUHV FDUHIXO
FRQVLGHUDWLRQ RI WKH SRVLWLRQ RI WKH EOXH DQG UHG HGJHV RI WKH 36% ZLWK UHVSHFW WR WKH
DEVRUSWLRQEDQGRIWKHG\HPROHFXOHWREHGHJUDGHG+RZHYHUWKHSDLULQJEHWZHHQPD[LPXP
RI WKHDEVRUSWLRQEDQGRI WKHG\HPROHFXOHVDQG WKH36%ZRUVHQV VLJQLILFDQWO\ WKHRYHUDOO
SKRWRFDWDO\WLF SHUIRUPDQFHGXH WR OLJKW VFUHHQLQJ HIIHFW:KHQ WKH FKDUDFWHULVWLF36% IDOOV
FRPSOHWHO\ RXWVLGH RI WKH DEVRUSWLRQ EDQG RI WKH RUJDQLF G\HV WKH SKRWRFDWDO\WLF
SHUIRUPDQFHRI7L2PRGLILHG1$$*,)VLVVROHO\DVVRFLDWHGZLWKWKHJHRPHWULFIHDWXUHVRI
WKH QDQRSRURXVPDWUL[ DQG LW HQKDQFHVZLWK LQFUHDVLQJ73 GXH WR HQKDQFHGPDVV WUDQVIHU
LQFUHDVLQJQXPEHURISKRWRDFWLYHVLWHVDQGOLJKWLUUDGLDWLRQXWLOL]DWLRQ7KHQDWXUHRIWKHG\H
Ϯϯ
PROHFXOHVDQG WKHLU LQWHUDFWLRQZLWK WKHSKRWRFDWDO\VW VXUIDFH LV DOVRDFULWLFDO FRQWULEXWLQJ
IDFWRUIRUWKHFRUUHFWLQWHUSUHWDWLRQRIWKHREWDLQHGSKRWRGHJUDGDWLRQUDWHV
)LJXUH7XQLQJWKHEOXHDQGUHGHGJHVRIWKH36%RI7L2IXQFWLRQDOL]HG1$$*,)VSURGXFHGZLWKGLIIHUHQW
73 WR XWLOL]H WKH µVORZ SKRWRQ¶ HIIHFW IRU WKH SKRWRFDWDO\WLF GHJUDGDWLRQ RI PRGHO RUJDQLF G\HV DF
3KRWRFDWDO\WLF GHJUDGDWLRQ NLQHWLFV RI 02 5KR% DQG 0% E\ 7L2PRGLILHG 1$$*,)V IDEULFDWHG ZLWK
GLIIHUHQW73 DQGVXQGHUFRQWUROOHGLUUDGLDWLRQFRQGLWLRQVUHVSHFWLYHO\QRWHEODFNGRWWHG














VXUIDFH RI 7L2 7KLV UHGXFHV WKH DPRXQW RI 02 PROHFXOHV DEVRUEHG RQWR WKH SKRWR
IXQFWLRQDO VXUIDFH ZRUVHQLQJ WKH RYHUDOO SKRWRFDWDO\WLF GHJUDGDWLRQ SHUIRUPDQFH RI WKH
V\VWHP
(IIHFWRI$QRGL]DWLRQ7LPHRQWKH3KRWRFDWDO\WLF3HUIRUPDQFHRI7L21$$*,)V





SXOVHVZKLOHRWKHUDQRGL]DWLRQSDUDPHWHUVZHUHNHSWFRQVWDQW LH73 V$-  
P$ FP -2IIVHW   P$ FP
 DQG WSZ   PLQ 7KH VXUIDFH RI WKHVH1$$*,)VZDV
IXQFWLRQDOL]HG ZLWK SKRWRDFWLYH OD\HUV RI 7L2 IROORZLQJ WKH DERYHPHQWLRQHG VROJHO
SURWRFRO)LJXUH  DQG7DEOH  VXPPDUL]H WKH SKRWRFDWDO\WLF GHJUDGDWLRQ SHUIRUPDQFH RI
7L2PRGLILHG1$$*,)VSURGXFHGZLWK W$Q  DQGK IRU5KR%DQG0%ZLWK
OLQHDUL]HGSVHXGRILUVWRUGHUNLQHWLFVZKHUHWKHLQVHWVUHSUHVHQWWKHGHJUDGDWLRQUDWHVNLH
VORSHV RI ILWWLQJ OLQHV IRU HDFK V\VWHP)LJXUH D GLVSOD\V SKRWRFDWDO\WLF SHUIRUPDQFH RI
Ϯϱ




GHJUDGDWLRQUDWHRIK+RZHYHU LW LVDSSDUHQW WKDWWKHPRVWRSWLPDOSODWIRUPV
DUHWKRVHIDEULFDWHGZLWKW$Q KLHSXOVHVZKLFKSURYLGHGWKHEHVWSHUIRUPDQFHDV
FRPSDUHG WR WKHLU FRXQWHUSDUWV SURGXFHG ZLWK VKRUWHU DQRGL]DWLRQ WLPH LH  WR 
HQKDQFHPHQW7KH WRWDO WKLFNQHVVRI1$$*,)V LV GLUHFWO\SURSRUWLRQDO WR WKHDQRGL]DWLRQ
WLPHLHQXPEHURIDQRGL]DWLRQSXOVHV7KLVWKLFNQHVVLQFUHPHQWOHDGVWRDQHQKDQFHPHQW
RIWKHWRWDOOLJKWDEVRUSWLRQE\WKHFRPSRVLWH3&VWUXFWXUHHQDEOLQJWKHJHQHUDWLRQRIH[WUD




ZHUH IRXQG WR EH          DQG    K IRU 7L2
IXQFWLRQDOL]HG1$$*,)VSURGXFHGZLWKW$Q DQGKUHVSHFWLYHO\7KHUDWHVRI
SKRWRGHJUDGDWLRQ IRU7L21$$*,)VSURGXFHGZLWK W$Q   DQGK DUHFRPSDUDEOH
+RZHYHUWKHIDVWHVWGHJUDGDWLRQUDWHZDVDFKLHYHGE\WKRVHSKRWRDFWLYH3&VSURGXFHGZLWK
W$Q    K LH SXOVHVZKLFK SURYLGHGa WR HQKDQFHPHQWDV FRPSDUHG WR WKHLU
FRXQWHUSDUWVSURGXFHGZLWKVKRUWHUDQRGL]DWLRQWLPH




5KR% DQG 0% UHVSHFWLYHO\ 2XU VWXG\ DOVR UHYHDOV WKDW WKH DYHUDJH N YDOXH IRU WKH
Ϯϲ
SKRWRGHJUDGDWLRQRI0%LVODUJHUWKDQWKDWRI5KR%E\aWLPHVLHDQG
K UHVSHFWLYHO\ZKHUH WKLVGLIIHUHQFH LV LQJRRGDJUHHPHQWZLWKWKH UHVXOWVREWDLQHG
IRU WKH SKRWRFDWDO\WLF GHJUDGDWLRQ RI WKHVH RUJDQLF G\HV E\ 7L2PRGLILHG 1$$*,)V
SURGXFHGZLWKGLIIHUHQW73
7DEOH  9DOXHV RI WKH NLQHWLF FRQVWDQW N IRU WKH SKRWRGHJUDGDWLRQ RI 5KR% DQG 0% PROHFXOHV LQ 7L2
IXQFWLRQDOL]HG1$$*,)VSURGXFHGZLWKW$Q DQGK
$QRGL]DWLRQ7LPH
2UJDQLF'\H K K K K
5KR% K K K K
0% K K K K
 3KRWRFDWDO\WLF 'HJUDGDWLRQ 0HFKDQLVP $ SRVVLEOH SKRWRFDWDO\WLF GHJUDGDWLRQ
PHFKDQLVP XVLQJ 7L2PRGLILHG 1$$*,)V ZLWK WKH DLG RI+2 XQGHU YLVLEOH1,5 OLJKW
LUUDGLDWLRQ   Ȝ   QP LV SURSRVHG EDVHG RQ WKH DERYH UHVXOWV 8QGHU OLJKW
LUUDGLDWLRQHKSDLUVLQWKHSKRWRDFWLYH7L2OD\HUGHSRVLWHGRQWRWKHLQQHUVXUIDFHRI1$$
*,)V DUH JHQHUDWHG LQ WKH FRQGXFWLRQ DQG YDOHQFH EDQGV UHVSHFWLYHO\ 2[LGDWLRQ RI +2
LQGXFHG E\ SKRWRJHQHUDWHG KROHV IRUPV 2+ UDGLFDOV WKDW GHJUDGH WKH PRGHO RUJDQLF G\H
PROHFXOHV GHFRPSRVLQJ WKHVH RUJDQLF FRPSRXQGV LQWR&2 DQG+2+2 LV DGGHG DV D
SULPDU\ HOHFWURQ DFFHSWRU WR IRUP 2+ UDGLFDOV DQG 2+ LRQV ZKLFK DUH R[LGL]HG E\ WKH
SKRWRJHQHUDWHGKROHVWR 2+UDGLFDOV7KHHQKDQFHGSKRWRGHJUDGDWLRQUDWHVREVHUYHGLQRXU








YHORFLW\ ORFDOL]HG DW IUHTXHQFLHV RI KLJK LUUDGLDQFH WKDW PDWFK ZLWK WKH HGJHV RI WKH
FKDUDFWHULVWLF 36% RI1$$*,)V 7KLV HQKDQFHPHQWZDV IRXQG WR EHPD[LPXPZKHQ WKH
EOXHDQGUHGHGJHVRI WKH36%DUHORFDWHGDW WKHSUR[LPLW\RI WKHEOXHDQGUHGVLGHVRI WKH
DEVRUEDQFH EDQG RI WKH PRGHO G\H PROHFXOHV +RZHYHU WKH KLJK DEVRUSWLRQ RI OLJKW RI
RUJDQLF G\HV DW WKH FHQWHU RI WKHLU DEVRUEDQFH EDQG PLQLPL]HV WKH DPRXQW RI OLJKW WKDW
UHDFKHV WKH SKRWRDFWLYH OD\HU RI7L2IXQFWLRQDOL]HG1$$*,)V UHGXFLQJ VLJQLILFDQWO\ WKH
RYHUDOO SKRWRGHJUDGDWLRQ UDWH 7KLV HIIHFW LV SDUWLFXODUO\ VLJQLILFDQW IRU RUJDQLF G\HV ZLWK
KLJK DEVRUSWLRQ EDQGV VXFK DV 5KR% DQG 0% 7KHUHIRUH WKH DEVRUSWLRQ LQWHQVLW\ DQG
SRVLWLRQRIWKHDEVRUEDQFHEDQGRIRUJDQLFG\HVDQGWKHUHODWLYHSRVLWLRQLQJRIWKHHGJHVRI




)LJXUH  (IIHFW RI WKH DQRGL]DWLRQ WLPH W$Q RI 7L2IXQFWLRQDOL]HG 1$$*,)V RQ WKH SKRWRFDWDO\WLF
GHJUDGDWLRQ RIPRGHO RUJDQLF G\HV D DQG E 3KRWRFDWDO\WLF GHJUDGDWLRQ NLQHWLFV RI 5KR% DQG0% LQ 7L2
PRGLILHG 1$$*,)V SURGXFHG ZLWK W$Q      DQG  K XQGHU FRQWUROOHG OLJKW LUUDGLDWLRQ UHVSHFWLYHO\
LQVHWVFRPSLOHWKHYDOXHVRIWKHNLQHWLFFRQVWDQWNIRUWKHSKRWRFDWDO\WLFGHJUDGDWLRQRIWKHVHPRGHORUJDQLF
G\HV QRWH EODFN GRWWHG OLQHV GHQRWH WKH SKRWRGHJUDGDWLRQ RI WKH FRUUHVSRQGLQJ G\H LQ FRQWURO 1$$*,)V
ZLWKRXWIXQFWLRQDO7L2OD\HU
7RGDWHVRPHSURRIRIFRQFHSWVWXGLHVKDYHLGHQWLILHGDQGXWLOL]HGWKHµVORZSKRWRQ¶HIIHFW










IRU 5KR% PROHFXOHV ZDV VOLJKWO\ KLJKHU WKDQ WKDW DFKLHYHG E\ RXU V\VWHP LH a
HQKDQFHPHQW 7L2IXQFWLRQDOL]HG 1$$*,)V VKRZHG D PXFK VXSHULRU SHUIRUPDQFH WR
SKRWRGHJUDGH02DQG0%PROHFXOHVLHaDQGaHQKDQFHPHQWUHVSHFWLYHO\
)DEULFDWLRQ RI QDQRWXEXODU 7L2 VWUXFWXUHV E\ GLUHFW DQRGL]DWLRQ RI WLWDQLXP VXEVWUDWHV
HQDEOHV WKHGHYHORSPHQWRI7L2EDVHGSKRWRFDWDO\VW3&V+RZHYHUWKHFRQWUROODELOLW\DQG
YHUVDWLOLW\RIWKLVPHWKRGWRHQJLQHHUWKHHIIHFWLYHPHGLXPRIWKHVH3&VLVOLPLWHG7RGDWH







7L2 3&VZLWK D SHUIRUPDQFH HQKDQFHPHQW RIaa DQG a WR GHJUDGH5KR%
02DQG0%PROHFXOHVUHVSHFWLYHO\
6HPLFRQGXFWRUQDQRSDUWLFOHVDUHWKHEHQFKPDUNDQGPRVWZLGHO\LQYHVWLJDWHGSKRWRFDWDO\VWV










7KHVH UHVXOWV GHPRQVWUDWH WKH SRWHQWLDO RI 7L2PRGLILHG 1$$*,)V DV D SKRWRFDWDO\VW






',QYHUWHG2SDO3&V 02  
5KR%  
0%  
$QRGLF1DQRWXEXODU3&V 02  
5KR%  
0%  
31DQRSDUWLFOHV 02  
5KR%  
0%  






1$$EDVHG 3& VWUXFWXUHV IXQFWLRQDOL]HG ZLWK 7L2 OD\HUV WR HQKDQFH WKH SHUIRUPDQFH RI
SKRWRFDWDO\WLF UHDFWLRQV E\ µVORZ SKRWRQ¶ HIIHFW 0DQLSXODWLRQ RI YDULRXV DQRGL]DWLRQ
SDUDPHWHUV LH SRUH ZLGHQLQJ WLPH DQRGL]DWLRQ SHULRG DQG DQRGL]DWLRQ WLPH GXULQJ WKH
IDEULFDWLRQ RI WKHVH3&VWUXFWXUHV HQDEOHVSUHFLVH HQJLQHHULQJ RI IHDWXUHV LH SRVLWLRQ DQG
EDQGZLGWKRI WKHLU36%DFURVV WKHVSHFWUDOUHJLRQV7KHSKRWRQWRHOHFWURQFRQYHUVLRQUDWH
LQ 7L2PRGLILHG 1$$*,)V ZDV IRXQG WR EH GHSHQGHQW RQ WKH SRVLWLRQ RI HGJHV RI WKH
FKDUDFWHULVWLF36%DVZHOODVRQWKHDEVRUSWLRQUDQJHDEVRUEDQFHLQWHQVLW\DQGSURSHUWLHVRI
PRGHORUJDQLFG\HVXQGHUVLPXODWHGVRODUOLJKWLUUDGLDWLRQ$FDUHIXOGHVLJQRIWKHSRVLWLRQRI















RUDQJH PROHFXOHV GXH WR WKH ORZ DEVRUSWLRQ LQWHQVLW\ +RZHYHU LQ WKH FDVH RI KLJKO\




RI SKRWRDFWLYH 1$$*,)V IDOOV FRPSOHWHO\ RXWVLGH RI WKH DEVRUSWLRQ EDQG RI WKH RUJDQLF






V LQGHSHQGHQWO\ RQ WKH W\SH RI RUJDQLF G\H WR EH GHJUDGHG 7KH SURSHUWLHV RI WKHPRGHO
RUJDQLF G\H LH FKDUJH DQG SKRWRVHQVLWLYLW\ SOD\ D FULWLFDO UROH WR GLFWDWH WKH RYHUDOO
SKRWRFDWDO\WLFSHUIRUPDQFHRI7L2IXQFWLRQDOL]HG1$$*,)VZKHUHSRVLWLYHO\FKDUJHGDQG
PRUHSKRWRVHQVLWLYHPROHFXOHVLH5KR%DQG0%GHJUDGHDWIDVWHUUDWHV
2XU FRPSUHKHQVLYH VWXG\ GHPRQVWUDWHV WKDW WKH GHYHORSPHQW RI SKRWRDFWLYH1$$
*,)VZLWKUDWLRQDOO\HQJLQHHUHGRSWLFDODQGSKRWRFDWDO\WLFSURSHUWLHVFDQHQKDQFHSKRWRQWR
HOHFWURQFRQYHUVLRQ UDWHVVLJQLILFDQWO\SURYLGLQJQHZRSSRUWXQLWLHV IRU WKHGHYHORSPHQWRI






















JUDQWV QXPEHU'( DQG&( WKH 6FKRRO RI&KHPLFDO(QJLQHHULQJ WKH
8QLYHUVLW\RI$GHODLGH8R$WKH,QVWLWXWHIRU3KRWRQLFVDQG$GYDQFHG6HQVLQJ,3$6DQG
WKH $5& &HQWUH RI ([FHOOHQFH IRU 1DQRVFDOH %LR3KRWRQLFV &1%3 $XWKRUV WKDQN WKH
$GHODLGH0LFURVFRS\$0FHQWUHIRU)(*6(0DQG(';FKDUDFWHUL]DWLRQ
$662&,$7('&217(17
6XSSRUWLQJ ,QIRUPDWLRQ7KH6XSSRUWLQJ ,QIRUPDWLRQ ILOH SURYLGHV IXUWKHU LQIRUPDWLRQRQ
WKHFDOLEUDWLRQ OLQHVFRUUHODWLQJG\HFRQFHQWUDWLRQDQGDEVRUEDQFH WUDQVPLVVLRQVSHFWUDDQG
GLJLWDO SLFWXUHV RI1$$*,)V FKHPLFDO DQDO\VLV FRQILUPLQJ WKH GHSRVLWLRQ RI 7L2 RQ WKH
VXUIDFH RI 1$$*,)V WKURXJK ('; )7,5 DQG ;5' VSHFWUD WKH 36% RI 1$$*,)V DW
GLIIHUHQW7L2GHSRVLWLRQWLPHWKHDEVRUSWLRQVSHFWUDRIPHWK\ORUDQJHPHWK\OHQHEOXHDQG
UKRGDPLQH%DVZHOODVWKHVSHFWUXPIRU WKHVLPXODWHGVRODU OLJKW LUUDGLDWLRQXVHGWRDVVHVV
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